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‘1’hc.  palw  Cmllinucs  the slat~)s reporling of Lhe rtcvclo}mc;]l of all
~lllkaligll[w’cigllt  ftcxiblc blanket, ftatl)ack, fcrlckm[ solar an ay
lcslbc.d wir)g that was pJemmUxl  al lhc }:irs[ arid Sc.cOncl Em o]r.an
S],acc l’owcr Ch]lfcrcqlccs (Ref. 1 aid 2). “1’0 ciatc a lcsltwd V,,illg
has bcc.rI built ald subjc.clcd  10 a varicly of critical furlcliollal lcsls
t,cfo~c al]ci afLcl c.x]msurc 10 sirnt]lalc<i lamlcll c.rlviroIllncllls.  I’his
]m]rcr Ic\,icws l}ic lalcsl Cic.sigll  rtc.tai]s, fablicaliml activilics,
]Jallcl-level lC.SIS ctcalill~ w,ilh rc.l, crsc bias clla~ac[c.riz.alio]l of Olin
silicon solar cc.tls, arlci v,,ing ]cvc] cllvirorlrllcrltai lc.sIs. I’lIc,

t,c~,illllirl~-c,f-life. (tIol ,) S})cciflc  lx,v.,cl cslirllalcs fol a IIolllillai
](I kw (f Iol, ) allay rclllaills above 135 W/kg, wilh concspondillg
clld-of-life (l;,O1, ) lwrl_crlInarlcc. above 90 W/kg for a 1 () yc.al
~cos~~]lcllr<~]l[~lls  (GIX)) nlissior;.+

Kcy Worcis: })hrrtrrvollaic sc)lar arlays, ftcxib]c blallkcl, Illirl solar
cclis, ICVCISC  bias ~motcclion, tcstbcd har(iv,,arc cicvclo]MIIcII[.

1. I hrI’Rol>UCV’JON”

‘1’i)c AcivaT)ccd l)l)otovoltaic Solar Allay  (AI’SA) }]roF,lam,  l)c~l)ll
ill 1985, Successfully com]k.lcd  its primary crbjcclivcs in 1991
V.,.Ill l}lc dcsi~ll, rlcvclo~)lllclll  all(i tcslillg of a ]>rololy},c Icslbcd
UJ:Il]~.  “1’llc al]}~[oxinlalcly 6 kW (1101, ) V.,illg ricsi~r) w,a~ sllo~+,]l to
l)c ca])ab]c of ]]lovirtill~ rrvcr 130 W~g (}lO1. ) S})ccific lx)N,cI as
al illlclllmlia[c  milcstmc  tov,,ar(is NASA’s far tc.rl]l goal of 300
W/k~, al 20 kW. ‘1’llc cicsi~,ll rc}vc.sellls a Illrm-fol(i inl])lovcll)clll
o]! ll]c lmforJnallcc  of cuIJc]Il  rigi[i-]]arlcl arrays ald a farlor of
Iwo im]u Ovc.rllcrll ml LiJc  pcrfcrnnallcf of an adval)cc{i flcxiblc-
t)l allkct v.,itl~ cievclo]mci  c.aTlicr by NASA office of Aci\ar]cc<i
(~[~rim],ls aljd “1’czlinolosy (OA(TI”) (Ref. 3) a,lci ir] 1~.uTo]x for [I)c
olyjl~~,us Satclli!c (Ref. 4). As will bc. ciiscusscci later, tile. Ai’SA
systclll ahcaciy ]Ias be~n ~lll]l]~ycd  as a t~stbcd [0 c\Jal Lla[c.  fllttll C
a(h,al]cc<i })l]olovrrllaic cic.vices alici slrucl(lral clr3nc IIls 10 c,lltlallcc
])clfollnalmc. ICVCIS.  lrl acicii[iml, a mociificci vc.rsimt of [l]c Ai’SA
dcsi~ll using galiion~ arsm[irfc.  (fGaAs/(;c) scrlrtl CClis w,itb a n)o]c
ril; ici Malkc[ cor!sti  ucLicrn has bc.c.rl SC. IC.CWI by Gc.nc.rai }llc.c[ric
(now hfa~tiri Mar ic.i!a) for NASA’s Rartb otrsc.] vili~ Sys[cIN
(1 (N-AM)  solar arlay

~’hc. ]asl sla~c. of lbr? APSA  ]uogranL has tw.cn in ],]crgrc.ss  atml
ol)c yc.ar will) a ]lun]lxv  of analyses allci palwl-lc.vc.] lcsls 10 bcllcr
dcfilm a Valicly of design rr}~lions,  m su]~IrorI  fligbl JIarciw,al  c
cx}m i!llc.rl[s  011 I1os[ s}mc.c.crafl, and to c.ilhancc tbc. crvc.] ali
(J}W a[imlal rc.]iability of ftcxiblc..biarlkc.t arl ay cicsigtis ulldc.~
C(,rlciitioll,s  V,,l]cv  c. tllc. solar cc.]i circLliLs alc st, aci(rwcd  Or c~lllaill

*
11’IIc rcsc.alch cicscritrc.d in Ulis ]~a]rcr prescrlts k results of rmc.

],ilaw of Tcscarc}l car Jic4i crL]l by ‘1’RW Sl)ac<. ald Iilcclrorlics
C;rou], al]ci U]c JC,I I’Io},Lllsion  1,aborato~,  Califor],ia lns[itulc. of
‘] ’cc]lr)o]c)gy, ull(icr ccr]ltrac.t wit}) [t)c. Naticrrial Acrcmautics allci
Sl,acc A(irllirlisllsrtio]l.
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cr ackc.ci solar c.c.tls.  Ahhrrugb [hc final rc.suits are not yet
available. on all tbc. on-going ac[ivitic.s, the rlaturc of the effort in
p crgrc.ss is suli~marize.d anti rcsulls of smic. of the flight ML
hardwal c. arc pl cscn[c.d,

?. lXiS1fiN I>ItSCKllrl’lON

‘1’hc  basic ricsigyl ccrnfigura~icsn  is shown in Fig. 1. I“hc cic~)loye.d
and strrw’cd sim for [he bawlirm 5.8 kW (1101.)  V.’irlg  ale. slmwl  ill
I;igs. 2. ald 3. ‘1’w,o  w’irlgs of this cmlf)gula~ioll can ]>tovi(ic  a
s]>accclafl u,illr 11.6 kW (l{O1. ) arid 7.8 kW (I K)IZ) }rowc.  r aflcr
]~ yc.ars ill ~}io O1bil,  ‘I”hc Wing crrIsisLs of a flatfoki, ~nullip]c
]MT]c], ftc.xib]c. b] HT1kc.1  cm W]licb so]a! cc]i rimcill]cs alc il[s[allcd
slid coru)cc-lcd 10 I>rinlc.d  circuit clcclrical  hrir[]csses Lllat run silo]lg
II)C (Ju[sidc longi[udilial  c.ci~cs  of [}IC blallkc.[ asscli]bly. },or
lamlch, the acccrl ciicm-foldcci blanket is s[owcd iri a
gl a])ililc/c}mxy  blarlkc(  housi]]p, asscl)]bly  v,ith a ]K)lyir[li[ic foam
layer on LIIC irlrlcr surfaces  WI cushion the. folded Mankct ciul illg
laorlcb. ‘Ihcre is lm intcrlc.aving c.ushiorlillg  nlalc] ial bctwccll the
fo](iccl ],armls. Solar cc.lls fronl adjaccllt pallcls arc ill dirccl
contact v,,ltc.]1 [lIc. blallkc( is folded ar)ci s~owc.{i  ill tbc blallkct
]musirlg  amcnlb]y mdc.r a ~]rcload prc.ssLwc  of 3500 to 7000 Pa
(0.5 to 1 psi). I’hc Mankc[ is dcp]oyc.d  (wlfol(icd) by c.xtc.nciill.g a
l!l(~l(~r-acl~lalc(l, fiberglass, COIlljllLIOUS  lor]r,c.]ml  lallicc mast lhat
Lll K’Oi]S from mI almnirlum  cylill(irical caliislc.r slrLlctLuc. ‘I”bc
blalikc.t is SLI}JI,OJ Ic.d by lwo Ic.llsioric.ci  gui(icw’irc syslcnm atlac}icd
10 Lhc rc.ar fol(iline.s  of lhc. Mankc.t 10 prc.vc.111  ally lal gc. out-of-
],lallc. C.XCUI  siorls ciur irlg dc])loyl!lciit. Whc.rI fully cic]>lrrycd, Ll:c.
Mallkct is Lc.llsio]lc.d ill the. k>llgitudillal  [iilccLiol!  by a sclics  of
cmls[all[-force s}]~illr,s  at LIIC. iriboalci C] ICI  of lIIC blallkc.t,

Fjs. 1 . C;enezic  wixlg,  Corlfj:,,uratjc,:i
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Fig. 2, 5.8  kkr (B(rl,) GF,tr  deployed  will~,.

Fir,. 3. 5 . 8  kh’ (J301,)  GEC)  stowed  wir,r,.

OvcI tl)c. lasl year llIc.  baselilm  clcsigll  I]as sc.cli  oIIly milm
charlgc$  rrs the. rcmll  of ongoing mmlyscs or corII}nlIc]I1/syslc]II
ICvcl Icsls:

1 ) ];or ul[rsili~jltv:cigh~  apl,licrrtiol~s,  Lhc.  calbon-loac!c.d  Ka]mll
blailkcl subsbatc  nla[crial was rc.}Ilaccd  by gc{l[lallilllrl-c(~alc<l
rq,ulal  KalJ[or~.  ‘l”hc gc.rlnallioln coatil)g has the salim sw Fdcc
rcsiklivily a~ lhc carbw-loadcxt I!]alclial 10 }mjnit groul]diljg c)f
lhc Malkct  subsuatc  to p cvcrit c.lc.cllostatic char~c builchlp flc>lll
orllilal ]I]asll]a crlvironmc.lits,  11 is also very rc.sislaTlt 10 alolltic
Oxyp,cll clcp,r adaticm Lhm ]Xoviclilig long WIII }nolc.clion for low
c.auh mbil (1 .10) n]issirn]s. II also has favortil)]c  thcrlllo])llysical

]vopc.rties (@F = 0.5/0.8 ) thmcby rc.ducillg  the hc.at loadin~ ald
Ol}cratillg  lcll]]wralulc of lhe solar cc]] circllils by Ill) 10 1ST froljl
lhc 1 .lio  carlh’s }m.alillg.

2) Bypass dir&s arc intcgl atcd into the solar cc.]] circwi[ design
10 cnsnrc rcliab]c power pcrforlnarlcc. of Lhc. arl riy whcjk suljcctcd
to slladc~w,ing or as ttic ~csult  of clsickcd CC.]  IS. I’IIC ])rclilllillaly
lcqlli!mnclll TCpOI  led ill 1 !)91 to have. a thin vrafcr diode by}]a$s
every c.igh[ CC.l}S  is cuTrc.JI]Lly  under review based on a sc.]ics of
Cc]l-al]d circuil-]cvc) tc.sLs and analysis. I:inal !,uidc.]illc%  v,or)’t IN?
available. for sc.vc] al months. }]owcvcr,  it is clear that dm usc of
thil] silicon cc.lls will require the ]J1otc.ction  of shun[ diode.s.
Alwlysis ald lCSIS  not fuldcd  uJ&a the A1’SA  prog[ atn also SIIOW
this [O bc uuc for CiaAs/Cic. CCIIS  o]) a thin Mallkc.t  substrate.

3) l.llldc.r ‘1’RW discrc[iollary funding a hc.avicr,  altcmlalc Matlkc.[
corl;tl uclioll was clc.vc.loped that lc.l>Iaccs Ihc siliglc Ka])ton  layer
V,,idl a gcrlllallil]llt-c<)atc.d Kal)[or~gral>llile  col])]nsitc. lanlillalc.

M7hilc  4 tirrlcs IIc.avicr, l}]c snbslratc  clinlinatcs the l)c.cd for SI)UIII
ctiorlcs wIIc.11  usiilg ClaAs/@  cells ald rllay rc.ducc. t}lc. yll)lill,cr of
shmlt diode.s rc.cpi]c.cl for silicon solar ccl] circui Ls. A full sim 3-
])allcl solal palm] assc.mbly v.,as Cmlstructcd with thin large. arm
CiaAs/C;c cells arid incorporated into the A1’SA wing. Stmvcd
wring  Vibraliml tests soccc.ssful]y ctc.n]o]mlratc.d the. viabilily of t}m
dcsi~ll corlccpt. I“his subs[ratc. clcsigll w,itll CiaAs/Ck cells has
bcc.rl  illcor}xu alc.d il,to tl]c flight hardware dcsig,l for the EOS-
AM solar al I ay.

2.2. ~llallkc.t &seIIIbly

‘I”hc basclillc Malk.t substra[c  rna[c. rial is S()-pm (2 roil) thick
gcrrlla!litlrl~-coated Kap[ol, polyimidc. film. I’hc 42-patm.l 5.8 kW
(Bol  ,) v,,irig blankc.t  assclllb]y consisLs of 14 thrc.c-palm] solar
},aiml assc~llblic.s (SI’AS).  Po] ty of ttlc 42 palmk arc. covcrcd v,~itb
solar cc.tls. I’wc.lvc.  of t}m 14 SPAS arc fully COVCI  cd with sc)lar
cc.lls. };or the other two  SPAS,  Iwo of the three panc]s in c.ach
S])A arc, co~,crc.d v,,ith sc)lar cc.tls arid LILC.  rc.rllairlillg palm] is lc.fl
blalk  to act as a leader parm.1. I’hc irltc.r-Sl’A }Iingc ]inc.s am
wlrciriforcc.d IIcat-set cjcasc  folcls irl LIIC Kapml  rnatclial. Iiach
S]’A is liltkcd tc) tllc rmxt SI’A 1}IIou211 a ])iano hirlgc. Cnrlslruclcd
alo]ig c.ach outc.r  lateral CCIEC.  of the SJIA,  ‘1’hc hirlgc ~]itl is a
] .~-rnro (So-r]]il)  diarllclcr pu]trudcd gral,]litc/c~mxy  r[x].

(l]t Icntly c.ach CC.11-CC>VC1  cd panel has six ION,S c~f 2.0 x 5.7-CIII
cells, widl c.ach row con{ainirlg 120 CC.IIS.  ‘1’hcJc. arc 28,8(0  cells
Jr.r blankc.1 assclltbly. ‘I”hc scdal CCII stack con$is[s of (a) 50-pnl
(2-nlil) thick cr.ria-do}md  ccwcr glaw coated on [},c flont surfam
w,it}l a UV/AR  filtcI; (t)) 5SJ~rrl (?, ?-nlil) thick 10 C2-CIII  lmrorl-
do}md. back surface frc.]d, alurilirlunl back surface rc.flc.mw,
~mlis}wl silicorl solar c<]] (110 ~ 13.8 ~mrccll[ a[ ?.$YT AhI());
(c) two i]l,,la]lc strc.ss relief 1001) silver-plated Iilvar
illtcrcormc.ctors soklcrcd [o the solar c<II in a froll[/back fashio~l;
and (cj) I)C 93500 silic<m adhesive txnlcllillcs.  I]ancl-lc.vc.l
l,ackillg faclor for cc.11 installation is 0.86 (-760 cells ],c.r n12)
cxclusivc of tllc clcztr ical }larIlcss rc.~iorls, allcl 0.79 including (1IC
halIms rc.giols. Ckll rows arc arl arl~cd in a scrpcli~irw mallrlc.r so
slrillg-l~rlllaTotlll(l occu]s al t}lc cc.rllcr of cacll palicl mlcl the. Stlirlg
rc.tur Jts 10 LI)c. outer c.clgc. of the. ~}arlcl. ATI clcchical  circuit shitjg
cmlsis[s c)f 360 cc.lls i~l sc.ries (6 TOWS by 60 cc.lls pcr row) to
oblaill all 101, }~cak ]mv,,c] voltage of 142 V. ‘Ihcrc arc two-
IJlirror-imaged circuits pcr Market parml, A [hill, 0.4 x 2.8 Cni,
flat wafer bypass dioclc is pbirmcd for cve.ry 8 silicor) cr.lls
(subject to latm rc.view VI}ILVL  all l,allc.1-lc.vc.l  [CSLS  arid a]lalyscs arc
c4mlplc.led).

All l,c,sitivc and rqativc. tc.rmi]latiorls for each cilcuit (al)d
gloullcling  of c.ach pane.]) cwmr along the ou[sidc. c.dgc. of the SPA
adjacwll to a p intc.d circuit halnc.ss that is bonrtcd to the basic
bla],kct subs[rfitc. I“hc har,lcss rolls from the. outboard lc.adc.r
~~allcl to a dioclc. box ml Lhc ulldcr side of the pallc[ struc[urc.
I“hcm arc. 80 cql~wr  traczs pcr each 1 ?-cm (4 .6-irl) wide. harnc.ss
run. ‘1’hc trace.s arc. 2 OY. copper O.-/rnn~n~ (31 -roil) wide. by 68-}tnl
(2.7 -rllil) thick with 0.5-nllII (20-rnil) spacing. “1’hc trams were
si~,cd  to early at lc.ast 0.4A ~mitivc  traces) ard 0.8 A at 142. V
(rqa[ivc traces) with a ],c.t harness/diode. drol) of about 2. pc.rcm~t
(.3.2 v).

2..3 ]Ilaltkct lIousiri~ Assc.lllbly

‘I”hc. Mallkct homing  lid al)d ]>allc.t SIT uc.turcs arc cssclltially
idetltical ill siz.c and cc~]mtructicnl. ‘1’hc 0.44 -rlI wide 2.O-rl~ lmig
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(1 ‘7.3 by 114.1-in) lid arid pallc.t  ]Ja,mls ale consLrocted  from ?50-
pTn (10-nlil) thick high-moctolus  1’100 grap}lilc/c]Oxy farx-sheets
bonded to an alwninwn honeycomb c.om 1 %nll)  (0.5-in) tlliek
Wilh ]Ocal faccshc.cL$ allcl cmc rcil)force.lmnts in high SIT css
Ic.j;irr]ls. Attar%cd to the inside, sorfacc of the lid a[d palle.1 }Iar[cls
is a polyimidc. foanl C.oshicm layer.

}ii,gm e. d ilhwtrale.s Lhc molrn -actoaled rncchanisni usc.d 10
Silnullallcomly  rc.lease Llm lalcl)cs tt]at sc.c.urc tt}c. lid (0 dm }~allct
SLT OGILU c. bcfmc dc})]oyllie.nt of t}~c b]arlkc.t. l’hc lirt is clanqwd  to
[hc pa]lct str uclorc. wilh brairtcd slec] cab]cs al four locations
along the lmlg,th of (hc housii~g  stroctme.. 7’hc.  hook Iatchc.s ale
locked ill place by slllall gla]hilc.,lcpoxy pushl od SIJ ULS [bat mc
cmnlcctcd to an ovc.] -cm IIc.r cralk on a cmltlal gral)hilc/c.jmxy
t(>) qllC. tUbC.

}’iS. 4. SICIWC41 Mallkct luc.lc,acl/rclr.asc  mechal)ism

“1’IIC ~uidcu,ilc systems al!tachcrt to the re.a~ fold] irlcs of lllc bla]lkcl
asw.ll~b]y arc each tc,rlsio)lc.d to S N (] lb). ‘1’o cr]snrc accc~)lat)lc
dc.]~loyed u,ilg  dynamic (:harac.{c,ristics arid prc.vcl}t IIW. blallkc,t
fronl “sla],l,illg” lhc n]ast str oclorc wbcri sobjcztcd to 0.01 -g
irlc~lial loads, the. dq)loycd Mankc[ is tcnsiorlcd to 45 N (10 lb)
via SC.WC])  collslallt-force Sp[illgS  dist] ibulcd aloljg the. il~board
cd~c of lhc. blallke.1.

2.4 l{]ankc.[  l>qdoyinc.n[ Sys(c.m

h’ifylrc 5 illuslralm  lhc nlasl syslmn. It is a carlistc.r-deployed,
CO1ltilllloLls  loll~cron latlicc. ]Ijasl sitnilar it! Collficuralioll to that
osd 011 tlm SAl~Jl  allct olyIII}ms solar an ay will~s. A major
acc{)n]l]lisllll~crlt  unricr h AI’SA pc)gl a!n was to wcigl]{-
O}>liloizc  the Clcsigll of tlic ]nasl syslcm, especially L}Ic carlislc.1
slrlmtLtrc,  anti dc.}>]oylncl]l n]c.cllallisnl. I“he rllasl sysIc.111  v,as siz.cd
to nlc.c[  0.10 11?.  and 0.01 -g wir!g stiffnc.ss/strcllglh rexluirc.lnc]its.
‘1’lm 0.22-nl (8.6-in) rtialnc.tcr  mast is conslruclc.d frolll fibcrg]ass
lo],gc.]olts and batte.l]s and stailllc.ss steel trraidc.(i cable cliagol]als.
I’}m stowage carlislcl is Illill gage alotnillufn.

. . ,,, ,.

l~ig.  S. Wiltg rJcployLncJiI  mast systc.rn.
.-

3. RIKljNI’  P~OCWAhf  AC:I”l  VI’1’I  [’.S

ITI so}ymt of ttm NASA/l,cRC  Solar Amay  hfodulc l>laslna
]titcraction l;XpC.IilllCIIt  (SAMP1  [i) a sc.rie.s  of test articles were.
fablicatcd cc]rlsislillg  of 1S x 15 cl,) scloarc. pal)cls c.ach v,ith a 1’2-
CC.11,  soklc]cd, sc~ics-intc.l  colmc.clcd cilcuit  L]sillg ?. x 4 cm, thin
(-75 pm) silicon BSI’R solar cells with 100 \LTn  thick AR/UV-
maied  ccria-clo}~cd  rnicros}lccl covers. Both Scrll~alli~]Jl~-caatc.d
ancl cat bor]-load kaljtolt sobshatc  test arLiclcs were C.(]llstruc[cd,  all
1110 LuItc41  o]l a thick al Luilinonl  plate. ‘]”hc SAhlI’ll\  plograr(l will
illvcsLigatc  hi~b vollagc rtischargc c}laractcr istics on-board slmtdc
ill 1993 (Ref. 7). l’lasl[]a cllarllt)cr tcstiljg of tllc. col]lm]ls  ill
Jnc}mralion  for Lhc flight test iliclicalc acceptable bc.}lavior  in that
LhC power loss from the. plas]rla intcractirm v,’ith the weakly
cwlldoctil)g  blallkct subsLratc.s  is very small (Rc.f. 8).

3.?. !’AS1’-AI’I;X  ]Ja]lcl

II] 1993, the P}mtovo]taic ArIay Space I’owcr - Aclva!,ccd  PV al)d
I{lc.ctro]lics IlxI)crinlc.llt  (1’ASI’-Al’IiX) will bc lamlchc.d for a
3 year c.tli})tical rle.ar  pcJar orbit  ~l~issio]]  (350 x 1850 km, 70
[icgrc.c illclinalio]l)  10 ]ncasure  high vol[agc cliscllargc  arid
ra(iiation  cffcc[s on artvallccxl ~rov.rc.r  dc.sigl)s (Ref. 9). A small
parm]  was fab] ica[cd crn]sis[i]lg of gcr]llalliun] matccl ka},[oll  v,itll
a l?-cdl, soklcrcd, Series-illtcrconnccled circoil Lmillg 2,6 x 5.1
CJI~ tllill (-65 pit]) silicml }ISl~K solar c<lIs V.,ith 50 prn thick
AR/lJV coatccl ccria-rlopcd rrlicroshc.ct  GOVC.TS,  ‘1’hc. blarlkct
sccti(~Tl  is stlJ~}Jor lccl on ari alornin urn frarnc.

3.3 ~1’hiII I~ill[] GaAs Solar Cell ‘I”hctlrlal  Cycle l’ard

‘l”he drwc.loJmwJII  of the pcclcd-fihn  ~aAs  CC.11  by Kopin
(kmporation has the potcrllial to improve the specific ~mv,,c.r and
}mvcr dclmily performance of the. Al’SA allay design by almosl
40 IX.LC.CJI(,  bccausc. the. c.e.11 stack rmlnbinc.s a mass ICSS  than a thin
silicon CCI1 slack with a photovohaic  ccntvcrsion cfficie.ncy
sligll[ly gI cater than conventional thick GaAs/Ctc. CCIIS. A 2 x 4
cm CC.11 (5 to 10 pIII thie.k), WIIC. JI coItAsil\ed with a 50 to 100 }im
cove.rglass weighs flonl 170 to ?70 mg and has a 28W AM()
c. fflcicllcy of 191020 pcrcw{tj  corn]  )arcrt 10 13.8 pcvcc]lt  for a thin
silicon cc.tl slack wc.ighing  290 to 390 rng. ‘I”v+o 1 ?.-cell soldc.r -
irltc.]co~lr]c.ctc.cl  circoit pa!lcls (Fi~ure. 6) were. fabricated to
cvaloalc the pIoclocibility of inlclcxnlllc-ctccl circuils ald to
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malualc. lrnig Icrnl Lhc.rlllal  cycle pclfcrrmalmc. Ihc thmlltal cycle
lcsls, bcgillTlillg in mid-1993, will bc similal 10 lhcrsc suczcssfully
}w.rfcmlie.cl on thin silicon cc.11 panels (Ref. 1 ()), al]d will silnulrrlc
30 ycal GIK) (-170 to 60W) and 10 yrmr  1.l~()
(-1 00101 (KR) c.oliclitions.

Fig. 7. ITllc.rcorumion  detail, Ko~,iTl C3 ,1’,1~1’
CiaAs so]ar cc.iI.

}:ip,. 6. Kopin cl li~i’ r3aAs solar cdl thcrl,lal
cycle ]]anrl.

SCVC1  al tcchlliclucs wc.rc. irlvc.sligatc.d m join all iillcrcwrllmctor 10
I}le Lliill gold cm]lacl  pacts lllat are su]qm-rted by Lhc. 1)c935(H)
silico]m adtlcsivc laym Lhat tmlds  the COVCI  to tlm Ldha-tllill
(’1 .Ii}rl’ cc.]]. ‘lllcIII]rrsorlic alid u]traso]]ic txrlldillg  of p,o]d riblm]l
01 Wi]c o] alullliTllllll v,,iTc. v,crc allcl,]{>lc~l Llsillg rllicro.c.]ectr(,llic
v.,iTil18 ]]lcrd~lc’tioll tc.chlliquc.s rlollllal]y usc.d for ]algc-scale
illt(:g,l alcd circuits. ~“]]c r,c.su]Ls w,cvc ul]succc,ssfll]  bczallsc lilt soft
1K935(K)  a(itlcsivc su],pc,r[ layer did not plovidc sufflcici)t
rigidi[y 10 lrrlllil irtlclJ1tclallic  joillinf., of the ribbcx~u,  ilc 10 llic.
C011[4C[  ]]ad. ol}Icj atlmll)~~ts v,,crc.  Vc.ry Successful w}]cll a ri~id
c]xl~y.  adhc.sivc was subslilu[cd  for the s~)acc.  qutilificd si}icol,C
adl,cswc, ]Iowcvcr,  silm the epoxy aclhc.sivc is lml sl]acc-
ql~~liflcd fol solal cell stack a]>]dicatiojm, it was TIOl USCC1 irl lIIc.
lCSI }]allcls. IIlslc.ad a s])cj;ia] il~])]arlc  re.]icf ]oop, si]vc,l. coal~..d,
Il)\,ar illlcl Cmllwctor  was dc.vclo]mcl and successfully joillcxl 10 Lllc
gold co],tacl ])ads v.,ilh a tiny l,lc.forltl  of ]ov,-tc.l,]lwrallllc.  (1430(~)
illdiu]wsilvcr  soldc-r.  A slwcial c.lcc~]odc, s]iglltly larger tllal, lIIC
col)tacl a!ca, was used v,il}l low prcssmc  (<?00 ]np,) to nlilliliii?.c
dck~rln~tiorl  of llIc. colllacl ])acl or Lhc chcvlon-shaJxd  Ilmil]al
relief fitj~,c.~s lhal connccl  the, cmr~tact })acl 10 tl~c cc.tl body.
(1’ij:urc 7).

‘I”hc ~csults suggest that moIc dcwclc)lxlm.~lt  wo]k is lmcded al the.
Cell-tc.vc] ald al the Circuit }M c)ductiorl ]c.vc.l before cells of ttiis
Iy]w call bc ccnlsidcrcd a viab]c cosl-c.ffcclivc or vtc.i~llt- cffcclil,e.
O])t)O1l  10 Curlc.llt ]Jloduclinn “bulk” silico~l or GaAs/Gc CCIIS.
IIow,cvc.r, ttlis illilial cffo]l iI]clicalcs llIc }Xrtmilial for fulurc vc)y
high s])c~ific ]xqforjllarmc.  blarlke.1  dcsig]ls.

3.4 $olal ~cll  ard  ~irrwilt  Rcvc.rsc IIias I’csling

A cx)ln]ncllcllsivc cou])om.lc.vcl tc.s[illg ard allalysc.s cffor[ is ill
]xogj css to dctellI]illc.  wcigll[- and cost-cffcclivc. mc.asmcs to
C.l)surc.  c.]cctrical illtcgl ily of ll]c. solar ccl] circui L$ agaills[ hot
s1xrts rcstlliil]g florn s}ladow~illg  or cc.]] tx cakagc v,~llicll u,ill occur
for ffexit>lc blarkct  arrays. ‘1’his activity rc.prcscllts a Tlmc.
iTldqlh c.ffml than Ihc. 1991 cfforl wllicll conch1dc41 thin wafer
cliodcs wmllrl bc nm.clcd  for c.very eight tllill silicm~l sc~lar cctls.

WoIk has just tsc.cll  con~]>lctc.cl cm nlcasurillg LIIC rcvc.1 SC bia~
c}lalack-ristics arid failure. rlloclcs o]! 200 thirl BS}~R  flight
proc]uclion c.c.lls fTm~l tw,o Uritc.d State.s Suppliels. q’c.slirlg W,as
clor]c. a< a furlclio~l of tcnlJw.]  atulc., sl)orl circuit current ]cvc.],

rc.]~c[itivc]y  ]mlsc.d reverse bias co]lclitimm, kHIg duratiml rc~, crsc
biaq cor]cfitiolls, Sillcl chargccl }]arliclc irrartiatiol) collcliliolls.
l,i~mcs 8 ald 9 illustlalc  the wide variation in rcvcrsc brcakdow]l
vc)ltagc al anlbic~it lclll}mlatur c.. Ihc.re.  wc.rc. clistillctivc
diffcl c.l]cc.s ill tllc results from lllc Iw’o sll~y}lic.rs,  Onc having a
lfirgc splcad irl c}iaraclc.ris[ics, wit]l b?cakdown  occm~illg fror)]
10 to 65 \Io]Ls at a cur]cllt dcll~ity IC.VC1  -f x Isc; and the otl)cr
c}laractcli~.cd by a l!arlowcl slmead v.,ith hig}l l,olta~c (45 10
6S V) ard low cur Ic.llt clcllsity (-0.2 x Isc). ‘1’hc  diffclcvlcc ill
txliavior is ttmu~,llt to bc ci~m to the rncthods mcd in }xcxtuci]lg
tllc back stlrfacc. ficlcl (ho]o], ck~l,il)g  vc.rsus ic~ll-irl]I)lallta[iol)).
‘I”l]c c. ffccts of tcl[i~w.ra[urc Ic.vc], })UISCCI or 10]I8 dnration rcvc,rsc.
t)ias collditiolis c,r radialim,  on the rcvclsc  bias c])alac[cristics
V.,clc srilall. I:ailuzc rl)rsclcs for bot}l tyl~s  of cells v,,c]c.  ci[hc.r t)y
s}ltlrlti[l~ or shorlillp,;  O])CII  circuit failures clid TIot occur. J~ailurc
T)lodcs were otmnvc.d via IK thc~lllofgal)lly, w,ith follrrv,, -ul). .
cvalua[iol) usil)~ scaminp. electron rnicroscmpc a~ld clml~y. .
dis}wtsivc ~-ray allalysm oll failu Ic sites,

‘+

--4
4.<.

W VL  [<;,(  WI( 1  fl&L  (  V )

I(ig. 8. Rc.verse bias characlcri7.atioll of }Ioro]l
cliffmc. thin BSE’R silicm  solar CC.IIS
(~cll  takcvl to failmc.).
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I;ig. 9. Rc.verse. bias c}]aTactcrislics  ioll-illq,lm,lcd
thin silicon IISFK solar cells.

As pal[ of tltc. solar cell clharactcrir.aticrn  ac.tivitic.s, Ialgc. arc.a
(0.5 x 2.4 cm), rclalivcly thick (380 ~lm) waft.r cliocbx wc,c
oblaillc.d from a ckrn)cstic  su}qdicr  aT1d  c.harac.tclims ul)dc.1
forward ald revel SC mndilicrns;  al lcmpcralwc,  unctcr krIIg
duTci(irrI1  cmicli(imls and aficr cl(srrgc.d ]>ar{iclc. ir I acliatirm. Ci~cuit
tcsls al ambimll rmndilimls were also pfonncd u,itb bypass
dirrclcs to bct!cr unclc]stal)d how the. e.ffcc.ts of shadowins,  c] ack
cells, bus vrrl[a~c. lCVC1, and Ilm cc.]] rcvc~ sc bias cha~ actcristics
itll}mc[ the pc.r for}l}ance. of Ihc solal CC1l circuit, ‘1’hcm circuit test
rcsu]is, ill colljur]c[icrn v,,ith the solar ml] and diode ICS[ rc.sul[sj
aTc IWW bcil)f., analyz.c.c]  10 obtain guidrliT@S thal wil] c]c.fil]c lhc
l)utnbcl of Sclics-illtc!corlllcclecl Ll)iTl  silicon }ISI;R cells lhsrl newel
to bc ~M otc.ctcd with a wafer diode. initial analyses sug~csl Lllat
ll)c dcfil]ilioll of a V.,cig}lt-  allrt cnsl-cffcclivc. circuit ]molcclirrn
dcsi~~~ II]ay trc tlifjlly  Ctc]>c]ldclll  on tile. solar cell rc.vclsc bias
Charactcl  islim, bus voltage lCVC1, llcat conduclim  lncr~m(ics of
the blal)ket subsrralc, arid the I~)C of c<]l crackirlg or r]atulc  of
circuil Shadrrw,inc.

4. PRt13’(Y1’Yl’E  WINC ]lARI)WARI;  A(71’1V1’1’J}iS

};iglu c 10 Sllc)v.’s the. itlilial Vc.rsiorl of the. rtc~)lrsycd ]Molotyjjc
wil!~ ml all air Iw.arirlg  clclJoynlcllt test fixlurc. ‘l”hc plototyI>c
wing, is rcjucsc.tltative of the 5.8 kW (1101,) v,,ing cxcq)t  iri five
rqw[s: (1) it is trunca[cd in lcngdl, consisting of an 8-palml
blal,kc[ assembly (-3 rn long),  with  two 3-par,cl SPAS aljcl two 1-
],alm] lr.artcr ])ancls, illstc.ad of a [o[al of 42 pallcls; (2) the blallkc.[
panels il)corlwalc. 14402 x 4 cm (inslcad of? x 5.7 cm) ]ivc L]lill
silicon solar CC.11  nmdulcs so]dcrcd intcrco?lnc.c(cd  to obtaili a
Series of ]li~h voltage circuits ranging fron~ SO to 150 V (1 ?0 10
360 CCIIS in series), with the. rest of the. S1’A  area cxrvcrcd with
n~aw-sinmlatc.d  alumiilmm Mallks; (3) the Iivc solar CCII n]odulc.s
arc rc})lesc!italion.s  of fliglll. cplalily c~.tls/covcls (ccrvcrs arc.
ul)corrlcd cc.cia-clo]wd  glas!; ra[]lcr L1lCUI bcirlg AR/UV-coatc.d  allcl
the. CC.lIS arc clcc[rically active., alLhougll they C1O rmt necessarily
Jrosscss high c.lcctrical lrcrforlnancc  cllaraclcrislics);  (4) the.le. arc
Iio bypass dicrclc.s  incluclcd  ill tl]c solar cell circuits; ancl
(5) (:CSnsLrLICliO1l  is being done, to starldards consislmlt with the,
proloty}re  nalurc of I},c hardw,arc ralhcr tbarl to flight-quality
staldards.

AS discussed in Ref. ‘2 the 8-}Janc,t VCJ sion of [llc wilrg was
subjcctcd to a set ics of sys[cm-lc.vc] trsLs where.by Lhc stowed

wing was cxpowf  to acoustic and vibra[ion ccmditions simulating
the clwc.topc of Shut[lc ard Atlas launch c.nvironrncnts. Stowed
wil)g first nlodc.  natural frc.cplcllcy was abut 34117,. IT~ lcrc.al
areas of tlic bla~lkc.t housi]]g s[ructure. the vibration rc.sl]orlsc g-
loads rcacbc.d 25 g’s ultdcr rr 10-g siuc dwell tra<c shake test.
‘J’here. was negligible. char,gc in the. 5200 Pa (0.75 psi) stowed
blanket prc]oad pl C.SSLUC.  Ilcploylnemt  tc.sting of the wing aflc.r
exposure 10 these. crwirormlcnLs illdicate.d that Lhc prcload/rclcasc
lnccharlism operated st[loothly and the. trlankct deployed ill a
cxrntrollcd accorclirrrl-like fashion. lnspccticm of the prirllary
str OCIUI c. rc.vcalcd I lo danlagc,. Aftc.r the. two ac.omlic tests 4
pcrcmt  of the. cove.rs and 0.2 Pcrccllt of the live. cells wc]c
c1 ackcd. Af (c.! the. eight v ibl alien te.sLQ,  an additional 0.7 pcl cc] It
of lho covers and 1 pcrcc.nt of the live cells were. cracked, All ccl]
CJ acks wc.r c c.0] isidcrc.d n~inor.  Elc.ctrical  c<niti Imi t y v.,as
rnaintaincd in all solar cell stri~lgs.

Fig. 10. l>cploycd p[otolypc wirlg.

I’hc 8-partcl wir,g wa~ then rc-bui]t into a 12-pallcl assembly,
lbcl cby cxtc.nding the wing ]cnglh by 50 pc.rcmlt to -4.4 m ]o]]g.
‘1’hc  added blankc[ palm]s incluclc 480 thin silicon CC.lIS, bringing
the. Iotal nulntwr  of silicort CCIIS  OM Llic. blal,kc.t assclllbly to 2200
CCHS. Also about 300 thin (1 15 lUU) 2 x 4 cni C1aAs/C]c cells were.
added. ‘1’hc. covcrglass  for the new cells was edge. ctchcd,
wllcre.  as the cove.rg,lass for the initial 1440 silicon cc.tls was
ulmtchcd. ‘1’hc wing in this configuration wa~ subjcctcd to a set ics
of stowage. al Id dc.ployr~m II tc.sts, rc.sul ting il 1 about 3 pcrccnt
additiojla] cracked covers, 0.5 ~w.jcxvjt aclditioj[al crackc.d silicon
CCIIS and 7 pc.rccrlt c1 ac.kc.d GaAs/Cic cells. Flcctr ical contirluity
was mairltaincd in all circuits.

‘]’hc.  wring was thc]l n]oclif]c.d  urldm I’RW discretionary funding 10
illcmpatc. a full size gc.rlllartium-coa[cd, Iaminatcd Kapton/
cmqrositc  suhslratc  irl place of the inboard 3-pancJ S]JA, along
with a blal)kct ilAoard lcaclcr panel. I’hc 3-panel SPA included
about 1902 x 4 cm, 140 ~m t}lill C;aAs/Ctc cells md  1804 x 4 cm,
90 }tm thin GaAs/Gc. CCIIS, all with 150pm cz.lia-dope.d
rilic~oshcct cxwcrs.  TIIC wing was subjcclcd to simulated 10 g
launch vibrsition testing rrnd subsc.cprcld dc~doylIlcllts.  OIIly onc
additional silicon cell was CJ ackcd and aboul 0.7 pmccllt of tbc
C,aAs/Gc CC.llS  crrickc.d. All CCI1  clacks wc.rc r[lillor, w,itll rlo IOSS
ili e.lc.cllical contirluily.



]n colljul]ction with lhis lalcsl vc.I sion of the u,illg, a thmnal  cycle.
test panrd was fablicatcd  under ‘l”RW ptcrpric[ary fumlit(g,
cxmsis[ing of the. lanliTlatcci strbstzatc wi[h 722 x 4 cm ClaAs/C;r.
CC.llS and 404  x 4 cm ~aAs/& CCIIS ald two pillte.d circuit
harlms segyunlts rcprcscnlalivc  of the. blanket assc.nibly haTl~c.ss.
‘1’hcrillal cycle. tc.sting lc]m.sclllalivc  of a 1 E() mission was
illitia[cd (-1 15 to + IOOT).  Af(c.r about 25 ImICCIIt of the plmawd
40,000  cycle.s, the. powc~ tmtptrt  has chanced )CSS than 1 pcIrxvit.
Also, alxrtrt 300 GaAs/Ck CC.llS were. tested for reverse bias
chal actcv istics. ‘I”hc TC.SLIIL~ indicated that s}mllt dirrdm would rmt
bc Tcquilcd  whc.11 incorIroratc.d  inkr a lalninated trlarlkc.[ cte.sigll.

5. J’I;RN:)Rh4ANCW  ES1’]hlAl’I;S

(la lc]ltly the pmfcrnllancc.  c.stirnatrx  remain rmchangc.d flrrnl the.
1991 Ref. 2 data for 1{01-  and }~ol, s~rccific pov,,c.r  usill~ thin
siliccrll c<IIs, tbil] ~~aAs/(>c. cr.lls cv advmlccd thin f]ln] cells. l~or
thin silicon CCIIS  wi[h a waft.1 diode cvc.ry 8 CIIIS, the 1101,
S})c<ific  power and prrwc~ density arc 138 W/kg arid ]4fl W/Jl12,
rcs}xxlivcly,  for a 5.8 kVV 1{01. wing. 1;01, values (at 3.9 kW)
arc 92 W/kp, ald 94 W/n12, rcslrcctivc.ly, for a 10 yc.ar GIiO
mission. I’hc use of 18 pcrc-cmt cfficic.rll,  thin (-1 15 pm)
C;aAs/Cic CCIIS ]vcrvi(ic alboo[ LIIC  salnc s},ccific  ~xrw,c.r  trcr]ds as
lhc less costly thin silicxrn cells over lhc rmgc. of 51020 kW, evc.]1
tlli)~l~h the wrins lc.rlgth would & rc.d~lccd about 30 ]wrcciit for
Conq)arab]c  ]xrwc.r lc.vc.ls. ‘f’his is bmausc  the ilmc.ascd cfflcicrlcy
of lhc CiaAs/(ic ml] is rrffsc.t by its dcllsi[y which is cwcr twice
LIIat  of silicon. “1’hc. usc of aclvarmcd lllirt fllnl CC1lS, crllcc tl~cir
Jnoduc[irn)  rnaturily has bcc.n dcllmnstralcd, nlay irnprovc Spc<ific
]mwcr ])crforjnarlcc by S() 10100 }rcIccIit such that 200 W/kF,
(l’1)l. ) )[li~lll t)c achic.vablc V,itllill Il)c. rtcxt 10 ycals.

]n Inoglcss nc]w ale. circuil analyses, bawd on the. rc}rorlcd rcvrv sc
bias lcsling, 10 clmrc.  that C.lcctr ical ilttcg[ ity of siliccrrl solar cell
I,lalikcts arc. :Ilairltairlc.d m tl]c rcsu]t of ]Io[ s}mts ~crlcraicd fro]]!
C-I sckc41 or slladow,cd  CC.IIIS. While tlIc. cun CJ][ dcsi~,n and
l,crforioallce cstinlalcs  ir)cludc all alloca[irrn for a w,afcr clirrdc.
c.vcly 8 solar cells, lllc. rc.ccll[ ccl] rtala irldicalc [}la[ ll]c. dcsi8t]
appoach  may really dcpcrd  otI several factors illc]uciirlg:  [}K

IIal ~)rc of the CC.11 rc.vcr se bias chal ac.tcristics, the circ.uil volttigc
Ic.Nc.1,  the nature c,f shadowing o] rfc.grcc of clackc.d CC.JIS assmncd.
‘1’bus, it is a[l[icil)a[cLi Lhat the filial A1’SA dcsigil arid ~mfol]rlalicc.
cstilllalcs v., ill bc. Ic.vised to Ic.nc.cl  l]~dalcd  plotcctio)l F,llidclillcs.

6. A1”SA Al’]’] .I~A1’lC)NS

‘I”hr hal,~i!ioll of Al’SA fro~]~ a tc.s[bcd ploglatn  10 a fli~llt
haldwarc. program has finally bc.c]l  achicvc.cl. As alludccl 10 ill the
IIitroduction,  a dmivativc of tl]c A1’SA  chxiglt  v,as SC.lCCIC.CI  fm t}!r.
NASA/C;SIi~  11OS-AM solar array for the 1.Iio polar rllission,
‘I”his orm wing 5 kW (1{01,) clcsig,l v,,ill  utiliz,c 2.4 x 4.0 c],, x 140
}(11, 18 pcrcc.r)t ClaAs/&  CC.llS  rnmmtcd  on a lan~iTlritccl blallkct.
l)clivcry  of L1,c.  firs[ I;OS. AM wil~g is sclm.dulcd for early 1996.
‘1’Iw  blalkl sim will bc r+bouI 5 r[l w,idc. by 9 m lo]ig and cm]sist
of :24 cc.tl-c.ovcrcd palm]s ald one. blar& leader palm] al each cld.
‘I”hc Iotal blalk.[ assembly inc]ucics about 36500 CCIIS wilh each
17’1 volt s~rirlg }Iavillg 190 series CC.lIS w,ilhout  [he. nc.c.d for slmnt
cliodcs.  7’radc sluc}ie.s  inciicalcd the cqllivalcl)t pcrwc.r  lcvc.t design
usiug thin silicon cells w,otrld have resulted in a wing, 50 pc.rcc.rll
larger in arc.a al a cost alx>ul 10 ~)crcc.])t alxrvc the basclilm dcsigli.
‘l”hc hlankc.t box stl L1C1OTC  arid rnccllarlisln and rl]asl syslct)l for
}i(lS-Ahl v,,ill bc a direct scale-up of Lhc A1’SA  dc.si~ll.

Unrtcr nc.ar lmrlnal son irmolatiorl the. wing will have. an cstill~atcd
s}wcific pmvc.r  pc.lfmmal~cc.  of about SO w/kg  whc.]1 considering
the impacl of mission-specific stiffrms a!ld rlw.chanical/c.lc.ctrical
ill[cl faces, and the fac[ that the blalkct housing assembly masl
systc.m a~~d harl)csse.s arc being sired 10 inclodc a pmvcr giowth
ptc.tl[ial of 20 pc.rccnl, Also, Lhc wing is bc.ing dcsigrwd to
ilicmporate about 60 kg of additional ccrrnponcnts  not considc.rc.d
n]dcr I}IC. gene.ric APSA dc.sign. Nc.verlhclc.ss,  the pcrformal]cc is
~cla[ivc.]y }Iigh bccausc  of the patt]fiTdcr work drrrlc orlcicr the
AI’SA prrrglam.
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